Abstract
Introduction
A pairwise balanced design (PBD) of order v with block sizes in a set K is a system ( ) , V  , where V is a finite set (the point set) of cardinality v and  is a family of subsets (blocks) of V such that 1) if B ∈  , then B K ∈ and 2) every pair of distinct elements of V occurs in λ blocks of  [9] . This is denoted by ( )
v k λ is especially called a balanced incomplete block (BIB) design, where b =  , each block contains k different points and each point appears in r different blocks [10] . This is denoted by ( ) , this is especially called additive BIB designs [6] [7] .
It is clear by the definition that the existence of  pairwise additive ( )
v k λ for any ′ <  . Hence, for given parameters , , v k λ , the larger  is, the more difficult a construction problem of  pairwise additive BIB designs is.
In pairwise additive ( )
v k λ , since a sum of any two incidence matrices yields a BIB design, it is seen [7] that is a positive int
It follows from (1.2) that the existence of  pairwise additive ( ) 
2.
( )
The existence of ( )
v K λ is reviewed along with necessary and asymptotically sufficient conditions.
Let K be a set of positive integers and 
Some Class of Pairwise Additive
In this section, a necessary condition for the existence of pairwise additive
provided and then some classes of ( )
are constructed. Now (1.1) implies that necessary conditions for the existence of pairwise additive
Furthermore, the following is given.
Theorem 4.1 When k is an odd prime power, necessary conditions for the existence of pairwise additive
When k is an odd prime power, a class of pairwise additive where α is a primitive element of ( ) 
Proof. Let k be an odd prime power. Then, for an even integer 2k , Lemma 5.2 provides primes p and q such that (a)
Hence it is seen that ( ) 
Next, for a given odd prime power k and a given positive integer  , even if Proof. Let k be an odd prime power and  be a positive integer. Then, for a positive integer 2k , Lemma
provides primes p and q such that (a)
Hence it is seen that ( ) 7 Z with the index being fixed yields incidence matrices 1 2 , N N of the required BIB design: , , V   such that 1) V is a set of kn elements, 2)  is a partition of V into k classes (groups), each of size n , 3)  is a family of k-subsets (blocks) of V , 4) every unordered pair of elements from the same group is not contained in any block, and 5) every unordered pair of elements from other groups is contained in exactly λ blocks. When 1 λ = , we simply write ( )
TD ,
k n , where 2 n =  [14] . Since it is known [14] that the existence of a ( )
is equivalent to the existence of k mutually orthogonal latin squares of order n , the following result can be obtained, when 4 k = . Lemma 6.3 [14] There exists a ( ) TD 6 , n for all ( ) 5 n ≥ except for 6 n = and possibly for { } 10,14,18, 22 n ∈ . A method of construction is presented, similarly to a recursive construction given in [4] , by use of ( ) TD 6, n . 
Another recursive method is presented. 
